We present the case of an 88-year-old gentleman who presented to hospital septic with bilateral leg cellulitis, pulmonary oedema and hypotension. He had no history of heart disease but had had bilateral carpal tunnel releases. His condition deteriorated with refractory hypotension in spite of fluid filling, inotropic and vasopressor support. His echocardiogram showed an infiltrative cardiomyopathy with a speckled myocardium, severe concentric left and right ventricular increased wall thickness, diastolic dysfunction, biatrial dilatation and restrictive physiology in keeping with cardiac amyloidosis. He developed atrial fibrillation and worsening respiratory failure due to fluid overload and was intubated and ventilated but continued to decline and passed away. The degree of heart failure in the absence of ischaemia, the patient's advanced age, echocardiographic findings and past history of carpal tunnel syndrome in a male are strongly indicative of a diagnosis of wild-type cardiac transthyretin amyloidosis. We discuss the key features and intensive care management of this disease.
An 88-year-old white British gentleman presented to the accident and emergency department with a sixweek history of worsening painful erythema and swelling of the lower legs and shortness of breath. He had a past medical history of mild chronic obstructive pulmonary disease, gout, osteoarthritis, transient ischaemic attack and bilateral carpal tunnel releases 10 years earlier. He lived alone and was independently mobile with a Zimmer frame. In the three weeks prior to admission, he was treated with oral antibiotics by his GP who suspected cellulitis of the legs.
On admission he was tachypnoeic, hypotensive and pyrexial. His blood pressure was 84/52 mmHg, with a heart rate of 100 beats/min and temperature of 38.4 C. Examination in the emergency department revealed marked erythema and oedema of both legs and bibasal chest crepitations. The initial diagnosis was sepsis due to leg cellulitis and he was commenced on intravenous fluid resuscitation at 250 ml/h, intravenous gentamicin and flucloxacillin and high flow oxygen. His electrocardiogram showed atrial fibrillation (AF), right bundle branch block and left axis deviation. Initial blood tests showed acute kidney injury and raised inflammatory markers with urea 19.2 mmol/l, creatinine 209 mmol/l, haemoglobin 108 g/l (mean cell volume 90.3 fl), white cell count 10.79 Â 10 9 /l (neutrophilia 9.57 Â 10 9 /l), CRP 75, serum lactate level 4.3 mmol/l, N-terminal pro-brain natriuretic peptide 2769 pg/ml and a mild coagulopathy-international normalised ratio 1.6, platelets 206, d-dimer 675. Basal interstitial changes with an enlarged heart were seen on chest radiograph. A blood culture was taken that later grew (1) Serratia marcescens and (2) Staphylococcus capitis. These organisms may represent contaminants as they are unusual organisms to find in blood cultures, particularly in combination, and in a patient from the community.
The patient was admitted under the medical team who on examination noted worsening respiratory function following initial fluid resuscitation with bilateral crepitations throughout chest and a raised jugular venous pulse. They suspected there was underlying cardiac failure and fluid resuscitation was slowed. The following day he remained hypotensive with a systolic blood pressure consistently below 100 mmHg in spite of 5.7 l of fluid and he was transferred to the intensive care unit (ICU) for inotropic support.
In the ICU LiDCO TM plus haemodynamic monitoring was employed and intravenous fluid administration was guided by clinical assessment of volume status and stroke volume variation. A repeat chest radiograph revealed worsening airspace opacity on the right (Figure 1 ) indicative of pulmonary oedema. A transthoracic echocardiogram performed on ICU showed an infiltrative cardiomyopathy with a speckled myocardium, severe concentric left and right ventricular increased wall thickness, biatrial dilatation, diastolic dysfunction and restrictive physiology in keeping with cardiac amyloidosis 1 (Figures 2 to 4 ). The left ventricle end diastolic diameter was 33 mm, interventricular septal thickness 26 mm, posterior wall thickness 20 mm with a left atrial diameter of 41 mm and an area of 21 cm 2 . In the presence of AF, the clinical usefulness of conventional Doppler indexes is limited. However, the ratio of transmitral Doppler early filling velocity to tissue Doppler early diastolic mitral annular velocity (E/E 0 ) has been reported to be accurate in the estimation of left ventricular (LV) filling pressure and is recommended for the evaluation of LV diastolic function in AF. 2, 3 In this gentleman the measured E/E 0 ratio was 13, which in the context of AF predicts an elevated LV filling pressure. 2 Mitral annular plane systolic excursion was 5 mm indicating impaired longitudinal function with an ejection fraction of 10%. Right ventricular function appeared to be severely impaired and estimated pulmonary artery systolic pressure was 28 mmHg. There was a small pericardial effusion but no evidence of tamponade. Dynamic LV outflow tract obstruction was ruled out with a peak velocity over the aortic valve of 1.03 m/s and a peak gradient of 4.24 mmHg. There was no significant valve disease; trace mitral and aortic regurgitation was evident with no tricuspid regurgitation. Based on the clinical suspicion of cardiac amyloidosis on the echocardiogram, serum and urine electrophoresis were carried out which later showed the absence of a plasma cell dyscrasia.
Following the echocardiogram, dobutamine was started and it was titrated (maximum dose reached 18 mcg/kg/min) to ensure adequate inotropic effect whilst avoiding excessive tachycardia which would reduce time for ventricular filling in diastole. Despite this he developed a rapid ventricular response and was loaded with digoxin which adequately controlled the ventricular response to around 80-90/min. Noradrenaline was used as a vasopressor to maintain adequate systemic vascular resistance (maximum dose reached 0.38 mcg/kg/min).
Over the next few hours following his admission to ICU, his blood pressure became labile and he developed confusion. He was tracheally intubated and ventilated. However, he continued to deteriorate with increasing inotrope and vasopressor requirements and 24 h into his ICU admission he had two cardiac arrests with pulseless electrical activity both of which terminated after adrenaline and cardiopulmonary resuscitation. At this point further intervention was agreed to be futile and he passed away shortly after. A post-mortem examination was considered but declined by his family and a cause of death was determined as septic shock due to leg cellulitis on the background of cardiac failure secondary to a suspected wild-type transthyretin (ATTR) cardiac amyloidosis.
Discussion
Amyloidosis is a disease characterized by the extracellular deposition of insoluble fibrillar proteins in the tissues and organs including the heart. 4, 5 There are three major subtypes of cardiac amyloid: light chain amyloidosis, hereditary transthyretin amyloidosis and wild-type transthyretin amyloidosis formally known as senile systemic amyloidosis. Wild-type ATTR cardiac amyloidosis is almost exclusively a disease of elderly males caused by the deposition of wild-type transthyretin fibrils predominantly in the myocardium leading to progressive heart failure, arrhythmia and conduction defects. 6 The prevalence of wild-type ATTR cardiac amyloidosis is not known but postmortem studies have shown that the finding of amyloid deposits (wild-type transthyretin) is relatively common in the elderly. 7 The natural history of wild-type ATTR cardiac amyloidosis is not well documented as it 4 is rarely diagnosed before death. 8 Typically it presents with symptoms and signs of biventricular cardiac failure for which the differential diagnosis is large. Common ECG findings in wild-type ATTR cardiac amyloidosis are that of conduction abnormality (especially right bundle branch block) and AF/flutter. Small QRS complexes often seen in AL cardiac amyloidosis are not typical in wild-type ATTR cardiac amyloidosis. 8, 9 Echocardiography shows an infiltrative cardiomyopathy: thickening of left and right ventricular walls and the interatrial septum, atria are dilated and Doppler echocardiography shows restrictive physiology. 10 Another less common clinical presentation is with carpal tunnel syndrome, a recent case series found that 48% of patients with wild-type ATTR cardiac amyloidosis gave a history of carpal tunnel syndrome at presentation. 11 Wild-type ATTR cardiac amyloidosis is underdiagnosed and its clinical importance is underestimated, 12 especially as the prognosis of patients with wild-type ATTR cardiac amyloidosis is better than other subtypes of cardiac amyloidosis. 8, 13 Until recently, the gold standard for diagnosis of wild-type ATTR cardiac amyloidosis required the combination of transthyretin amyloid on a tissue biopsy specimen and wild-type transthyretin gene sequencing 9, 14 which is clearly difficult in this patient population. New techniques such as Tc-DPD scintigraphy have been shown to be a sensitive imaging tool for detecting transthyretin cardiac amyloid 15, 16 but unfortunately they are not practical options for patients in severe cardiac failure and our patient was too unwell to undergo this.
Restrictive physiology and diastolic dysfunction are the hallmarks of this disease. During late diastole, LV filling is passive and dependent on the compliance of the ventricle. Wild-type ATTR cardiac amyloidosis causes an infiltrative cardiomyopathy leading to a stiffened myocardium with reduced compliance. This leads to impeded, brief ventricular filling and abnormal relaxation resulting in severe diastolic dysfunction and cardiac failure. Management of this restrictive physiology in acute decompensated heart failure is based around decreasing systemic and pulmonary congestion, lowering ventricular filling pressure and augmenting systolic pump function. Pulmonary congestion can be reduced by improved LV filling and controlling blood volume. The steep gradient of the diastolic pressurevolume relationship means that a small change in left ventricular end diastolic volume (LVEDV) results in a significant change in left ventricular end diastolic pressure (LVEDP). 17 Diuretics and nitrates can be used to reduce blood volume returning to the heart and decrease LVEDV, i.e. preload. These medications were not started in this patient due to severe hypotension and worsening haemodynamic instability.
Reduced systolic function is usually uncommon in cardiac amyloidosis until the more severe stages of the disease 18 ; however, one study has shown that left ventricular ejection fraction is more frequently impaired in wild-type ATTR cardiac amyloidosis than other subtypes, as it was in this gentleman. 19 Inotropic therapy is important in patients with concurrent impaired systolic function and a low cardiac output state with signs of end organ dysfunction. Treatment with inotropes will improve contractility increasing cardiac output and decrease LVEDP improving diuresis. The choice of inotropic agent was further complicated in this patient by the presence of superimposed sepsis. Dobutamine is a synthetic catecholamine that increases cardiac output and reduces LVEDP. It is widely used in the treatment of severe heart failure and current guidelines recommend it as the first line agent, in combination with a vasopressor, for septic patients with a low cardiac output. 20 Nevertheless, this is based on a paucity of outcome data and increased mortality in septic shock has been associated with the use of dobutamine. 21 Levosimendan, a calcium sensitizer, has theoretical advantages in sepsis (calcium sensitization, reduction in apoptosis and inflammatory response) when compared to dobutamine. Furthermore, it enhances cardiac lusitropy and has been shown to be more effective in improving LV diastolic function than dobutamine. 22, 23 Small studies evaluating the use of levosimendan in sepsis have had promising results, [24] [25] [26] though the recent LeoPARDS trial found that the addition of levosimendan to standard treatment in adults with sepsis was not associated with less severe organ dysfunction or lower mortality. 27 Milrinone is a phosphodiesterase 3 inhibitor with positive inotropic and lusitropic effects that has also been used in sepsis. However, little convincing evidence of benefit exists and it causes more significant vasodilatation which has been associated with worsening of hypotension in patients with congestive cardiac failure and superimposed sepsis. 28 Adrenaline is an endogenous catecholamine with both inotropic and vasopressor properties. In cardiogenic shock, it has been shown to be as effective as dobutamine combined with noradrenaline in terms of global haemodynamic effects but with an increased side effect profile. 29 It is, however, recommended as second line to noradrenaline for use as a vasopressor in septic shock. 20 In this case, dobutamine was used to improve cardiac index with noradrenaline as a vasopressor to counteract peripheral vasoplegia due to concurrent sepsis and the vasodilatory effect of dobutamine.
Arrhythmias such as AF have been shown to be common in cardiac amyloidosis and especially in wildtype ATTR cardiac amyloidosis. 9, 19 In AF, there is loss of atrial contribution to filling ('atrial kick') and often a rapid ventricular response shortening diastolic filling times. This further impairs diastolic function and therefore maintenance of sinus rhythm, if possible, is important. Our patient was in AF throughout and digoxin was used to achieve adequate rate control following the development of a fast ventricular rate after dobutamine administration. In patients with amyloidosis, digoxin should be used with caution as it binds amyloid fibrils leading to a higher risk of digoxin toxicity. 30 Currently, no specific disease-modifying therapies are available but promising new agents are being investigated in a number of clinical trials. While there is presently no proven therapy it is recommended that all patients with wild-type ATTR cardiac amyloidosis are referred to the National Amyloidosis Centre for surveillance and inclusion in ongoing trials. 10 We were unable to confirm the diagnosis in this gentleman with Tc-DPD scintigraphy in the absence of a plasma cell dyscrasia. However, the clinical picture of biventricular cardiac failure, with increased biventricular wall thickening and restrictive physiology on echocardiography, AF and a past history of carpal tunnel syndrome strongly suggests wild-type ATTR cardiac amyloidosis. Although there is no specific treatment at present, diagnosis is paramount to guide management of the associated cardiac physiology.
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